The aims of this study were to investigate gender differences in frontal sinus morphology and to estimate differences between Fijian and Western Samoan populations. Cephalograms of 118 Fijians (59 male, 59 female), 80 W. Samoans (33 male, 47 female) and 89 Japanese (60 male, 29 female) were used in this study. The thickness of the frontal sinus and the convexity of glabella in males were found to be larger than those of females in each population. The angle of Sg-N-G in the Fijians was larger than that of the Western Samoans and Japanese. In order to compare the frontal sinus morphology among populations, Mahalanobis' generalized distances were calculated on the basis of the five distance diameters. The results indicate that gender is separated by the first axis which indicates the overall size. Japanese samples were separated from South Pacific samples by the second axis which indicates the shape factor. In populational discrimination, there was a higher percentage of correct discriminations of the females of the males. In conclusion, gender difference was recognized in the size of the frontal sinus, and the populational differences were shown in the shape factor between Melanesian and Polynesian populations, and also between South
Introduction
Craniofacial variations within and between populations is a result of complex interactions between genetic and environmental factors operating during the formation and growth of the skull. In the craniofacial skeleton, the frontal sinus is useful in identifing the gender difference and jaw position. Acromegaly is associated with prominent frontal sinuses and overgrowth of the jawbone, and mandibular prognathism is usually found in these cases (1) . Rossouw (2) found frontal sinus enlargement to be associated with prognathic subjects. South Pacific populations displayed large palatal length, mandibular length and mandibular body length and showed bimaxillary protrusion (3) . They also had a larger dental arch than that of the Japanese (3) and have a developed supraorbital ridge. While there have been many reports on their external structures, internal structures such as the frontal sinus has not been investigated.
The authors conducted overseas field research in Fiji, Western Samoa and Kiribati in 1994 and 1995 under the title of "Anthropological Study on Food Intake and Oral Morphology of Polynesians in Special Oceanic Environment" with the financial support from an Interdisciplinary General Joint Research Grant for Nihon University.
The aims of this study were to investigate the gender difference in frontal sinus morphology and to estimate the differences among Melanesian (Fijian), Polynesian (Western Samoan) and East Asiatic (Japanese) populations.
Materials
and Methods Data for this study were obtained from cephalograms of 118 Fijians, 80 Western Samoans and 89 Japanese. Distributions of the subjects are shown in Table 1 . A lateral cephalometric radiograph was obtained from each subject. A standard orthodontic cephalostat with a tubeto-film distance of 165 cm and a tube-to-subject distance of 150 cm was used to stabilize each subject. Definitions of radiographic reference points and methods closely followed those defined by Inoue et al (4) . Reference points and variables are defined in Figs 1-3. The following measurements were taken; 1) lower length of the frontal sinus, 2) middle length of the frontal sinus, 3) upper length of the frontal sinus, 4) Sella-Glabella Table 1 Distribution of samples distance, 5) Supra Glabella-Nasion distance, 6) SN to GM angle, 7) Sg-N-G angle, and 8) M-G-Sg angle. Landmarks were traced in each film, digitized, and scaled to allow for radiographic enlargement.
To assess the significance of error involved in the radiographic measurement method, the authors reassessed a series of 20 subjects two months after the initial measurements were made. The mean difference between the first and second measurements and the percentage of the total variance attributable to measurement errors were calculated for each variable. The mean difference between radiographic measures was less than 1.0 mm or one degree. The contribution of errors to the total variance ranged from 2.6 to 8.5 %. The angular measurements were somewhat less reliable than the linear measurements.
All statistical analyses were performed using the appropriate SPSS (4.0.1, SPSS Inc., Chicago) routines. Tables 2-4 . There were significant differences between the males and females. The thickness of the frontal sinus and the convexity of glabella in the males were larger than those of the females in each population. Tables 5 and 6 indicate the significant differences among the male and female populations. The lower length of the frontal sinus in male Japanese was larger than that of male Fijians and W. Samoans. On the other hand, the middle and upper length of the frontal sinus and Sella-Glabella distance in the Fijians were larger than those of the W. Samoans and the Japanese. In angular measurements the M-G-Sg angle of the W. Samoans was larger than those of the Fijians and the Japanese. The lower length of the frontal sinus in female Japanese was larger than that of female Fijians and W. Samoans. The middle and upper length of the Table 2 Means and standard deviations of frontal sinus in Fijian significant level at p<0.01 :** Table 3 Means and standard deviations of frontal sinus in W. Samoan significant level at p<0.01 :** Table 4 Means and standard deviations of frontal sinus in Japanese significant level at p<0.01 :** frontal sinus in the Fijians and W. Samoans were larger than those of the Japanese. The angle of Sg-N-G in the Fijians was the largest among the populations studied. A linear discriminant analysis was performed to assess the gender difference in these populations. The results of the discriminant analysis are shown in Table 7 . Male subjects of W. Samoa were correctly discriminated in 87.9 % of the cases and the male Fijian subjects in 79.7 % of the cases. On the contrary, W. Samoan females were correctly discriminated in 85.1 % of the cases and female Fijian subjects in 88.1 %. In Japanese subjects, males were correctly discriminated in 76.7 % of the cases and female subjects in 96.6 %. In summary, the percentage of correct discrimination of the females was larger than that of the males.
A linear discriminant analysis between the Fijian and W. Samoan populations was performed. Table 8 summarizes the results of this analysis and the discriminant functions. In the male subjects, the Fijians were correctly discriminated in 64.4 % of the cases and the W. Samoan subjects in 66.7 % of the cases. On the other hand, female Fijian subjects were correctly discriminated in 84.7 % of the cases and W. Samoan subjects in 89.4 % of the cases. In population discrimination, the percentage of correct discrimination of the females was also larger than that of the males. In order to compare frontal sinus morphology among populations, Mahalanobis' generalized distances were calculated on the basis of the five distance diameters. Fig  4 gives Mahalanobis' generalized distances computed among Fijians, W. Samoans and Japanese. The results indicate that the gender is separated by the first axis which indicates the overall size.
Japanese samples were separated from South Pacific samples by the second axis which indicates a shape factor. The distance between the Fijian males and W. Samoan males is smaller than that in females.
Discussion
Although Homo sapiens are only weakly sexually dimorphic-in size and some morphology-compared to other large-bodied hominoids, males tend to be somewhat larger than females and there are a few skeletal features that seem to consistently distinguish one gender from the other (5). With males being on average somewhat larger than females, a generalization that is commonly employed in approaching the determination of gender on the basis of skeletal morphology is that the cortical bone of males will be thicker and, overall, individual bones will be more massive and heavier. In skull and mandible, the female is considered to have a more vertical frontal bone, higher and more rounded orbits lacking attendant supraorbital or glabella thickening or distension, thinner zygomatic arches, a more obtuse gonial angle, and a less pronounced mental trigon.
Frontal sinus size may be related to environmental factors. Koertvelyessy (6) studied the frontal sinuses of 153 Eskimo crania and concluded that the degree of pneumatization correlated positively with the degree of environmental coldness in which the population lived. This change in sinus size has been considered to be an adaptation to climate. It has been noted by various workers that the Eskimos have rather small frontal sinuses, a weakly developed brow region, and a high vertical forehead. Although the functional significance of brow ridge is a much debated subject (7-9), their development is, at least in part, related to the size of the brain relative to the size and position of the face. The thickness of bone between endocranial and ectocranial surface in this region, which is a rough approximation of anteroposterior dimension of the frontal sinus, is reduced in Eskimos while the distance between sella and nasion is increased by comparison with various American Indian populations (10) .
There are also clinal differences in regard to head form among Alaskan Eskimos (10) . As one proceeds south from northern Alaska,the Eskimo skull becomes more brachycephalic. A structural relationship possibly exists between frontal sinus size and head form. Among modern human populations the longer head with its longer anterior cranial fossa appears to have a smaller frontal sinus size while the broader shortened head has a (9) . Therefore, the size of the frontal sinus has been considered to be an adaptation to climate in microevolutional sense.
The convexity of glabella predicts the size of the frontal sinus which were measured as the middle length of the frontal sinus in this study. The middle length of the frontal sinus in South Pacific populations is larger than that of Japanese. Also the upper length of the frontal sinus in South Pacific is larger than that of Japanese. One could, of course, suggest that head form (i.e. brain shape) is responding to climatic conditions; however, the process of brachycephalization, a worldwide phenomenon, is probably not due to climatic changes (7) .
In the craniofacial skeleton, the frontal sinus is useful to identify the gender difference and jaw position. Acromegaly is associated with prominent frontal sinuses and overgrowth of the jawbone, and one usually finds mandibular prognathism in these cases (1). Rossouw (2) found frontal sinus enlargement to be associated with prognathic subjects. South Pacific populations displayed large palatal length, mandibular length and mandibular body length and showed bimaxillary protrusion. They also had a larger dental arch than that of the Japanese (3) and had a developed supraorbital ridge.
However, the relationship between the sizes of supraorbital ridge and the frontal sinus has not been investigated. In this study the glabella of the South Pacific populations was more prominent than that of the Japanese, and the size of the upper part of the frontal sinus was also larger than that of the Japanese. However, the lower part of the frontal sinus of the Japanese was larger than that of South Pacific populations. This indicates that the shape of the frontal sinus is not parallel to its size, and that the person who has a developed supraorbital ridge dose not necessarily have large frontal sinus.
Gender differences were recognized in the size of the frontal sinus. Populational differences between the frontal sinuses of the Melanesian and Polynesian populations were also found in this study. However, the differences of those populations were smaller than the difference between those populations and Japanese. Further studies are needed in various populations in the South Pacific.
